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SUMMARY 

Hydraulic model studies of the Merritt Dam Canal outlet works were 
conducted on a 1:16 scale model to develop the hydraulic design of . 
the outlet works stilling bash and the canal wave suppressor, 
Figure 3. These structures were developed to help provide uniform 
flow having a smooth water surface at theParshal1 flume gaging 
station located a short distance downstream from the suppressor. 
Tranquil flow conditions in the flume are necessary for accurate 
discharge determinations from the s W f  gage or stilling well readings. 

The studies shoved that the concept of the preliminary design, 
Figure 11, was good, but that the ;stilling basin and wave suppressor 
could be modified to provide better hydraulic performance. More, 
than 22 different schemes were investigated before the best arradge- 
ment of the stilling bMin and wave suppressor was established. 

In the recommended design, Figure 6, the center dividing w a l l  in the 
stilling basin was reduced to one-half the apron length and the 
dentated end sill was found to be unnecessary. Thus, a more econom- 
ical structure resulted and the hydraulic performance was not adversely 
affected. 

The preliminary wave suppressor was of the type recommended in 
Hydraulic Laboratory Report No. Hyd-399, having a headwall at the 
upstream end of the wave suppressor. In operation, waves were 
reflected upstream by the headwall, and at times collided with waves 
moving downstream. The resming wave peaks produced disturbances 
greater than either of the component waves. . 

?he suppressor was modified and improvedsby removing the couventional 
u$stream headwall (leaving only the downstream headwall) and install- 
ing a hanging baffle above the suppressor roof. !The hanging baffle 



Tbe reoolnoended design, Schem ~d . 13, is sh- operating io 
Figures 38, 39, and 40. The improvement in  performance may be seen 
by comparing these photographa with those of the preliminmy design, 
Figures 12, 13, and 14. u 
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DJTFODUCTION 

Merritt Dam is part of the 2.tissouri River Basin Project . It is 
located in Nebraska, Figure 1. The dam, Figure 2, has an outlet 
works. Figures 3, 4 , and 5 , t o  contml the discharge of irrigation 
water. Flow is released through two 4- by 4-foot high p r e s m e  
siide gates and is discharged through the s t i l l ing  basin before it . 
enters the downstream concrete-lined canal. The canal is designed 
for  a capacity of 580 cubic feet  per second, however, it is possible 
to  discharge a m a x h m  of 84) cubic feet  per SeC0nd through one gate 
or 1,340 cubic feet per second through both gates f u l l y  open with 

reservoir elevation. A Parshall f l u ,  installed in the 
canal approximately 210 feet  downstream fromthe end of the horizon- 
tal apron of the s t i l l i ng  basin, Figure 6, is wed to oeasure the 
discharge. To increase the accuracy of discharge mea8urements in 
the Parshall f l w ,  a wave suppressor was placed between the basin 
and the flume t o  pmvide a smooth water surface a t  the gage. 

!l'HE WDEL 1 

The canal outlet works -el, Figures 7 and 8, i4 a 1:16 scale 
reproducticm of the4prototype. The mdel included the 4- by 4-foot i 
high pressure slide gates, the s t i l l ing  basin, and approximately 
1.17 feet  of canal section extending downat~esm from the basin. A 
wane suppressor was installed i n  the canal section. 

The gate housing was constructed of sheet mtal.,.the gate leaves of 
brass. Threaded brass rods were used t o  raiee and lower the gate 
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of plywood ekGpt for &e wall made fmm 3/8-&h transpasent plas- 
t i c .  Flow in  the basin, under the wave suppressor, and in the canal 
could thereby be observed tbrough the transparent w a l l .  The wave 
suppressor wacJ constructed of plymod. The preliminary 8uppreseor 
was held in place with screw clemps t o  make it easily .remaovabPe. 
Later design8 were supported on a center wall. 

operating the model, the diecharge and the gate openings were 
regulated in accordance with the computed curves shown in Figure 9. 
These curves &ow thf? relationehip between discharge and gate 
opening for  one and two-gate operation and include the effect of 
hydraulic loasea computed from the reservoir water surface t o  the 
gate chamber. To insure max im t e s t  velocities, minimum hydraulic 
losses were used in the computations. In rmnning a t e s t ,  the gate 
open- end the discharge were set  by the nodel operator; no con- 
sideration was given t o  the head or  pressure irm the -el gate 
chamber. For m e  valve operation, the right valve was used so that  
flow h the operating bay could be observed through the transparent 
wall. The t a i l  water elevation was regulated b accordance with the 
t a i l  water curve fo r  Station 19+54.85, Figure 10, located downstream 
fromthe wave suppressor. A staff gage was placed cm the wall of 
the m i e l  canal a t  this station. Stoplogs st the downstream end of 
the model were used t o  regulate the t a i l  water elevation. 

THE INVELlIaTION 

The primary purpose of the investigation was t o  develop the hydraulic 
desim of the s t i l l i ng  busin and the wave @uppressor t o  provide sat- 
isfactory performance for  a wide range of operating conditions. 

The structures, Figures i+, 5, and 6, were designed for  (1) the max- 
imum discharge of 1,343 cubic feet  per second a t  maxhm reservoir 
elevation 2949.80 with both gate valves fully open, and (2) 850 cfs  
with only one gate valve fu l ly  open, Figure 9. A t  nwdmuu reservoir 
elevation, 580 c fs  can be diecharged through tm gates erppmximately 
38 percent open, or through one gate approximately 72 peruent open, 
Figure 9, Most of the testing was cancerned w i t h  580 cfs, the 
design capacity of the canal. A discharge of 580 cfs thug21 two 
gates open 38 percent provPde8 a Froude n&er for  .t;he flow of U.9 
a t  Station 17+41,85, Figure 4. This value WRS determined from 
meamments made in the model and waa verified by computations. 
From the analysis and classification o f '  jumps given in w r a u l i c  
Laboratory Repert No. ~yd-399,&/ it m y  be expected that for  
F = ll .9, rr goad, but rough jump will occur. 

&/hfl-399 Vrogrees Report 11--Researoh Study on S t i l l b g  Basincr, 
Eaergg ~ i s s i p a t o r s  end Associated Appurtenancetrtt by J. N. Bradley 
and A. J, Peterka. 
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The hydraulic performance of the preliminary structure, Figure U., 
is shown i n  Figures 12, 13, and 14. The basin was slightly longer 
than necessary fo r  8% cfs  through one gate valve fully open and 
was much longer than necessary for  all other discharges. The 
dentated end sill appeared t o  serve l i t t l e  or no purpose. For a l l  
discharges of 500 cf8 or more, the water &ace was rough. 

b 

For 580 cfs from two gates 38 pereent open with the reservoir a t  
maximum elevation 2949 .XI, the water surface fluctuated about 8 
feet  on the upstream side of the suppressor and about 9 inches 

I&' 

(prototype) on the dometream side. Appmximately the sam, wave 
rieights occurred for  580 cfs  from one gate ?2 percent open at msrl- 
mum reservoir. For 100 cfs, the wave suppressor was inoperative 
because the water surface was below the flow surface of the sup- 
pressor. Water surface fluctuations were approxinmtely 6 inches a t  
the gage when 100 cfs  a t  maximum head wae discharging from either 
one or both gates. Fluctuations a t  the gage were greater than 
desired and a t t e q t s  were made, therefore, t o  improve the performance 
of the suppressor. 

Scheme No. 2 

In  Scheme No. 2, the preliminary design was modified by remving 
the dentated end sill from the basin, and, in addition, reducing 
the length of the center dividhg wall t o  one-half the length of 
the basin apron. The basin was not shortened as had been indicated 
i n  the tes t s  of the preliminary design because t h i s  would have 
necessitated lengthenfng the transition downstream fromthe basin. 
Since both are of concrete construction, there would be l i t t l e ,  i f  ' 

any, advantage in moving the a tar t  of the transition upatream. 

To evaluate the effectiveness of the basin the wave suppressor was 
renloved. Thus, there was no interference of reflected waves from 
the wave suppressor with waves fromthe s t i l l i ng  basin. This 
modified basin performed very well as  shorn in Figures 15, 16, and 
17. Since the basin in Scheme No. 2 would cost leas t o  construct 
and did not sacrifice good hydraulic performance, it was wed in 
a l l  succeeding t e s t s  and was included in the reconmended design. 4 - 

To evaluate the effectiveness of the wave suppressor, t es t s  were - 
made both with and without the suppressor i n  place. The hydraulic i 

performance of Scheme No. 2, without the suppressor, is shown in 
Figures 15, 16, and 17. Wave heights were recorded a t  Station 
19+54.85 (downstream from the suppressor) using an electronic 
measuring device t o  record water surface fluctuations continuously 
over a period of time, Figure 18. For 100 cfs  discharging through 
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was approximately 5 inches. For the same discharge through one gate 
12 percent open, the fluctuation was approximately 6 inches. For 
580 c fs  discharged through two gates 38 percent open, the fluctua- 
tion was approximately 30 inches. M a r i m  wave heights obtained 
from visual observations of We staff gage are shom in  Figure 19. 
The m a u i m  fluctuations obtained visually agreed very well w i t h  
those taken electronically. For 580 cfs through larger gate 
openings, a t  reduced head, the maximum fluctuation was reduced a8 
shown by the visual staff gage record in Figure 19. 

With the wave suppressor i n  place, water surface fluctuations were 
recorded fmm visual observations made both upstream and downstream 
from the suppressor. For 580 cfs a t  maximum head from either cme 
or both gates together, waves upstream from the suppreasor were 
increased t o  about 8 feet ,  Figure 20 because of wave reflections 
from the suppressor headwall. The reflected waves from the sup- 
pressor headwall collided d t h  those traveling domstream t o  create 
a wave peak shown in Figure 13B. The waves were reduced t o  9 inches 
a t  Station 19+54.8 downstream from the suppressor for  either one- 
gate o r  two-gate operation. 

Schemes No, 3 throurrh 22 

Many schemes were tested in an attempt t o  reduce the water surface 
fluctuations a t  Stat ion 19+54.85 downstream from the suppressor. 
Tests were made for  discharges of 580 cfs and 100 cfs; each flow 
was discharged through both gates a t  maximum head. Additional wave 
suppressors were installed both upstream and downstream fromthe 
preliminary suppressor, hanging baffle w a l l s  were installed in the 
basin and i n  the transition wave suppressor, variations i n  the shape 
of the wave suppressors were investigated, and baffle piers of 
several types were tested in various positions in  the s t i l l i ng  
basin. hrring the tes ts ,  water surface fluctuations were either 
visually or electronically measured upstream and downstream from 
the suppressor. For schemes that appeared t o  be promising, in a t  
least  some respects, the data were electronically recorded. &st 
of the recorded data is shown in Figures 21 through 37. 

The mst helpful, and perhaps the simplest mdification was the 
removal of the upstream headwall of the suppressor, Scheme No. 3 , .  
Figure 21. Waves and surges could then travel over the roof of the 
wave euppressor t o  the downstream headwall before being reflected 
upstream. The ehallow water above the roof changed the character of 
the wave as it moved downstream and the magnitude of t h e  reflected 
wave was greatly reduced. Remval of the headwall resulted in the mu- 
imum ra te r  surface fluctuationupstream from the suppressor being reduced 
from 8 feet  t o  approximately 3.25 feet  for 580 cfs discharged at 
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second helpful nodificatioi was the-inatallation of a hanging baf- 
f l e  above the wave suppressor, Scheme No. 4, Figure 22. The baf- 
f l e  functioned in two ways; f i r s t ,  it intercepted and broke up the 
larger waves and provided an a r t i f i c i a l  beach for the smaller 
waves, and secondly, it prevented large mves from reflecting 
directly upstream. Combined action of intercepting the wave 
moving domatream and delaying the return of the reflected wave 
reduced the intemity  of the action so that water surface fluctua- 
tions were only 2.5 feet ,  Figure 22. A8 a result,  the fluctuation P 

downstream fromthe suppressor was reduced t o  7 inches for  one- 
gate operation and t o  2 inches for  two-gate operation. However, * j ,  
additional improvement was desirable, particularly for  discharges 
of approximately 1% cfs or  lees when the wave suppreseor roof was 
above the water surface. 

f 

In Schem No. ll, Figure 28, the water surface fluctuation resulting 
from 5 8 )  cfs through one gate was reduced t o  5 inches by using a 
longer and f l a t t e r  hanging baffle than had been used i n  Scheme No. 4. 
A second hanging baffle located upstream fmmthe suppressor was 
used in Scheme No. 15, Figures 30 and 31, to  obtain improvedper- 
formance. The advantage of t h i s  design was that  tp%loping baffle 
could be extended donward into the flow t o  suppdss waves for  a l l  
discharges. For 100 cfs  from two gates 6 percent 'open, the fluctua- 
tion was reduced t o  approximately 114 inch on the downstream side 
of the suppressor. However, for 580 cfs, Scheme No. 15 was not a s  
effective as were Schemes No. 19 and 21, Figures 32 and 34, respec- 
tively, and for discharges greater than 580 cfs u c t o  the maximum 
possible flow of 1,34 cfs, waves in the canal upstream from the 
suppressor overtopped the training walls mre  frequently and t o  a 
greater extent than in Schemes No. 19 and 2l. Compare Figures 31, 
33, and 35. 

<I 

Baffle piers were placed in the s t i l l ing  basin in Schem No. 19, 
Figures 32 and 33, and the wave suppressor was lowered 6 inches. 
For this scheme, the maximum fluctuation downstream from the mppres- 
sor for  100 cfs  (discharging from two gates 6 percent open) was 
reduced t o  appmximately 1 inch, and for 580 cfs (discharged from 
one gate 72 percent open) t o  4 inches. Chute blocks were added t o  
the basin i n  +he= No. 21, Figures 34 and 35. The chute bloclrs 4 
helped t o  redu-:?e the waves in the basin for  the larger flora, but 
were the cause of water surface rougbnesa in the basin for  the 
81PaUer flows. t' 

Recommended Desim. Scheme No. 13 

The hydraulic performance of the reconmGIded design, Figure 36, is 
Bhom in Figures 37, 38, and 39 for diechkgea of 1,340, 850, 580, 

h 
Y> 
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particfiarly for  580 cfs, since k v e s  did not; reflect uastEeam t; 
peak with those traveling d~wnstream as  occkbred *'fin:the preliminary 
design. Compare Figures 37, 38, and 39 with! Figures 12, 13, and 14. 

The s t l l l i ng  basin per fowd very well in di~jsipating the energy in 
the flow from the slide gates. Even for  thejunusual maximum pos- 
sible flows of 1,340 cfs f'rom two gates 100 percent open or 850 cfs 
from one gate 100 percent open, the basin was adequate. The length 
of the center dividing wall was 32{'?eet, compared to 45 feet  in the 
preliminary design and the dentated end sil1,in the p r e l i m  
design was eliminated. Water surface profiles i n  the basin were 
measured fromthe pho$ograph in Figure 38B for  the structural design 
of the center dividGg w a l l .  1% was recommended that the actual 
depth of water in the upstream portion of the basFn as measured i n  
the photograph be reduced by 33 percent due t o  a i r  entrainment. On 
the other side of the dividing wall, water stood a t  t a i l  water 
elevaticrn since only the one valve was operating t o  represent the 
severest operating condition. 

Waves upstream from the suppressor were recorded by obsemhg and 
marking on the l e f t  training wall maximum and minimum water surface 
fluctuations for  discharges of 580 cfs, 850 cEs, and 1,343 cf s as 
shown in Figure 40. For 580 cf s, the water muface did not reach 
the top of the training walls, but for  850 cfs from one gate or 
1,340 cfs from two gates, waves sometimes did extend 1 t o  2 feet  
higher than the top of the w a l l .  The wal l  heights should be ,- I 
Increased or an overhang constructed i f  it is:desirable to prevent.----- 
flow over the wall for these unusual operating conditions. 

The refinements made in Schemes No. 15, 19, atid 21 reduced the'  
maximum water surface fluctuations d~wnstream~from the wave sup 
presor for some discharges as described above;' however, the slight 
improvemnt afforded by these schemes did notLmrrant their  cost. 
Therefore, Scheme No. 13 Jn Figures 36 and 43, mas recommended for 
f ield construction. This sohew uti1iz;ed a ~ v e  ' suppressor quite 
similar t o  the one described for  Schem No. 4 gxcept that  the 
hanging baffle was l q q e r  and was placed at a f l a t t e r  angle, aM 
the suppressor was placed 6 inches lower t o  be effective for dis- 
charges down t o  about 100 cfs. The hydraulic :performance of this , 
schem was identical t o  that  described for  Scheme No, 4, page 9. 
However, Scheme No. 13 provided even more improvement over the pre- 
liminary design than did Scheme No. 4. 

The water surface fluctuations downstream frod the wave suppressor 
at Station 19+54.85 were recroded by mans of cm electronic device 
and are shown in Figure 41 for  discharges of 1(X) cfs and 5*p cfs. 
The maximum water surface fluctuations downstrc?am fromthe suppres- 
sor were: :'\ 
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VERTICAL SCALE 
tN FEET 

+---STA. 19 + 24.85 
F - - S T A .  18 + 82.85 
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SECTION ON 

M E R R I T T  DAM C A N A L  O U T L E T  W O R K S  

WATER SURFACE FLUCTUATIONS A T  STA. 19 + 54.85 
SCHEME I0 

























A. Two ga t e s  6 pe r cen t  open 

B. One ga t e  12 pe r cen t  open 

MERRITT DAM CANAL OUTLET WORKS 
SCHEME NO. 13 (RECOMMENDED) -- 100 CFS- -MAXIMUM RESERVOIR 

1: 16 SCALE MODEL 








